Background/Purpose: There are two common diagnoses for exostosis occurring in the footdosteochondromas and subungal exostoses. Methods: A retrospective study of patients with a diagnosis of exostosis receiving surgery from 2000 to 2011 was conducted. Sixty-five patients were reviewed. Fourteen cases of exostosis on the foot were identified. Results: Out of fourteen cases of exostosis on the foot, nine had a subungal location and five were located on the foot. Four out of five cases on the foot showed histology of hyaline cartilage cap while fibrocartilage was shown in seven out of nine cases with lesions on the toes. In cases of subungal exostosis, excision was done via a transungal approach or wedge excision. Surgical outcome was satisfactory in terms of improvement in pain, cosmetic concern, and functional disturbance. Conclusion: Osteochondroma and subungal exostosis are not uncommonly encountered diagnoses for bony outgrowths occurring over the foot region. Surgical outcome was satisfactory.
Introduction
Exostosis describes benign bony outgrowth from the surface of bone. Osteochondromas is the most common benign tumour of the bone. They occur as osteocartilaginous bony prominences usually at the metaphyseal region of long bones. The distal femur, proximal tibia, proximal humerus, and proximal femur are among the commonest locations. They are much less commonly found in short tubular bones of the hand or foot. In Dahlin's series on osteochondroma, only 2.5% were located over the hand and foot. 1 When the foot is concerned, the tarsal bones or the base of the metatarsals are the most common sites involved. Subungual exostosis is another distinctive diagnosis for a bony outgrowth occurring in the foot region. Frequently, they are reported as case reports in the literature. 2e5 Surgical excision is the recommended treatment with a low recurrence rate, but residual nail deformity is still a concern. We review our experience of osteochondroma and subungal exostosis, focusing on their clinical features and surgical outcome.
Methods
A retrospective study of patients with exostosis receiving surgery from 2000 to 2011 was conducted. The patients were searched using the hospital computer system with the term "exostosis". Sixty-five patients with 69 exostoses (3 patients had lesions in > 1 location) receiving surgeries were reviewed. Among the cases, the foot, excluding the ankle, was the third most common site involved (14 cases, 20.3%). The most common location of exostosis was the hand and wrist region (17 cases) followed by the tibia, including proximal and distal locations (16 cases).
Results
Fourteen patients (2 males and 12 females) with lesions on their feet were operated on between 2000 and 2011. The average age was 35.6 years, ranging from 11 years to 62 years. The toes were involved in nine cases (64.2%). The base of the metatarsal bone was involved in four cases (28.6%). In one case, the lesion was over the talus. Among the nine patients with toe lesions, the great toe was involved in five cases followed by the little toe (2 cases). One case had a lesion on the second toe and the other on the third toe. A subungual location was noted in all toe cases. All the lesions were solitary with no family history of exostosis. Recent trauma history was noted in three patients with kicking injury in two patients and ankle sprain in the other one (Table 1) .
On average, it took 14 months before the patients came for medical advice. The main symptoms were presence of local swelling (85.7%) followed by mild or moderate pain (64.3%) and nail or toe deformity (50%). A "growing mass" was the chief complaint in two patients. Pain was the main concern in nine patients (64.3%) whereas cosmetic concern happened in 12 patients (85.7%). Functional disturbance was noted in four patients (28.6%), mainly affecting the wearing of shoes.
In five cases (35.7%), the preoperative diagnosis was incorrect. Three lesions on the foot were misdiagnosed as bone spur or ganglion, a nonspecific mass, or an accessory bone. No preoperative radiograph was performed for the case with the preoperative diagnosis of a "nonspecific mass". The preoperative diagnosis of "accessory bone" was made on examination of a lesion from the head of the talus shown on X-ray ( Figure 1 ). In the case of "bone spur", an X-ray showed bony outgrowths from the base of the metatarsals close to the cuneiforms. The surgeon documented a preoperative diagnosis of osteophytes or bone spur, probably due to its proximity to the tarsometatarsal joint. Two toe lesions were mistaken as ingrowing toenail and granuloma, respectively. No X-ray was taken for the lesion mistaken as an ingrowing toenail. For the lesion mistaken as a granuloma, the X-ray as well as its report did not detect any bony lesion.
Excision was performed for all the cases with lesions over the foot (Figures 1 and 2 ). Among the nine toe lesions ( Figures 3 and 4) , excision was done in six cases using a transungual approach. Two patients received wedge excision of the nail bed together with the lesion; one patient received partial toe amputation. In the case of partial toe amputation, the lesion was at the distal phalanx of the little toe and measured up to 17 mm in size. The surgeon documented excision of the lesion with a small part of its attachment to the distal phalanx. The average follow up was 19.2 months, ranging from 4 months to 60 months. There was one case of wound infection (7.1%) and two cases of recurrence that required a second surgery (14.3%). At the final assessment, four patients (28.6%) had mild nail deformity, one patient had toe deformity, and one patient had a painful scar. There was improvement in pain in the majority of patients. Improvement in cosmesis and functional status were also noted. Functional disturbance was reported as disturbance with shoe wearing and walking (Figures 5e7).
All the specimens were sent for histology. Hyaline cartilage cap was noted in four out of five cases with foot lesions. Among the nine cases with toe lesions, fibrocartilage cap was found in seven cases and hyaline cartilage cap was found in two. All the toe lesions were subungal.
Discussion
Exostosis is a generic term to describe bony growth from a bone surface. Over the foot, there are two common distinctive diagnoses: osteochondroma and subungual exostosis. Osteochondroma is uncommonly located in the foot. In Dahlin's series of 748 cases, only 10 of them were located in the foot region (1.33%). 1 However, subungual exostosis is more commonly encountered. In our series of exostosis receiving surgery, the foot was the third most common site involved (20.3%), ranking behind the hand and wrist (17 cases) and the tibia (16 cases). The apparent higher frequency is probably due to lack of room for tolerance of lesions of the hand and foot before they are noticed by the patients or become symptomatic. Presence of swelling, pain, and deformity are the most frequent symptoms. Functional disturbance in terms of pain, cosmetic concern, and shoe wearing is also commonly encountered. If all cases, including those without operations, were counted, the true incidence of exostosis location in the foot would be much lower. As exostosis of the foot is not common, incorrect preoperative diagnosis (35.7%) can occur, especially for lesions not on the toes. Other differential diagnoses for subungual exostosis include pyogenic granuloma, ingrowing toenail, glomus tumour, or other. A standard radiograph of the involved toes will usually help one make a diagnosis because bony protuberance with cortical and medullary continuity will be visible. However, diagnosis is less easy for lesions of the foot; they can be diagnosed as accessory bone, osteophytes, or ganglion. Tangential radiographic projection is helpful to show the bony prominence (Figures 8 and 9) . A computed tomography (CT) scan may help to confirm the diagnosis in doubtful cases. The recommended treatment is complete excision. However, due to limited exposure or lack of well-defined landmarks, complete excision could be difficult particularly in cases of subungual exostosis. A variable recurrence rate is noted from 0% recurrence 6 to 13% 7 and 33%. 3 The recurrence rate was 14.3% (2 cases) in our series, and this is comparable with the literature. The two recurrence cases were both subungual lesions over the great toe with one treated as an ingrowing nail by wedge excision during the primary surgery. The recurrence rate for nonsubungual cases was much less (0% in the present series) because surgical exposure was more flexible. The use of a fine burr to facilitate excision of the margin can also be helpful to prevent excessive trauma to the surrounding tissue. When more extensive exposure is required for complete excision of subungal exostosis, subsequent nail deformity will be another concern. For small lesions without nail bed destruction, a fish-mouth incision approach with elevation of the entire nail bed helps to prevent nail deformity. 7 A transungual approach with careful elevation and dissection of the nail bed, additional smoothening of the remaining bone cortex, and repair of the nail bed by fine suturing are recommended as ways to prevent nail deformity. 8 Partial nail bed grafts could be an alternative option when the nail bed has been eroded by the exostosis but donor site morbidity is another concern. 9 Artificial skin is also being advocated for cases with nail bed erosion and the residual nail deformity is reported to be mild and acceptable. 7 In the present series of subungual exostosis, nail deformity was already present in some cases before surgery (7 cases, 50%). The location of the lesion, the size of the exostosis, or the extent of erosion of the nail bed will contribute to nail deformity. Early diagnosis and surgery may help to preserve the nail bed before extensive erosion of the nail bed occurs. From our experience, careful dissection of the nail bed could prevent subsequent nail deformity. Although residual nail deformity is still present, in general it is mild. Together with the improvement in pain, functional disturbance, and cosmetic concern, the surgical outcome was well accepted by patients.
Osteochondroma and subungual exostosis have distinctive histologies. In subungual exostosis, the histopathology reveals a base of trabecular bone with an overlying fibrocartilaginous cap, whereas a hyaline cartilage cap is noted in osteochondroma. In the present series, four out of five cases located in the foot showed the presence of a hyaline cartilage cap. Seven out of the nine subungual cases showed fibrocartilaginous cap whereas a hyaline cartilage cap was noted in the remaining two cases, which may be subungual osteochondroma. 10 In our series, all cases presented with single lesions without family history. The average age at presentation was 35.6 years, which is older than the usual presenting age of osteochondroma around the metaphysis of the long bones in which the peak age of onset is in the 2 nd decade. Previous trauma and repeated irritation from shoe wearing could be causative factors for the pathology. A history of trauma was documented in three patients in the present series. In summary, exostosis (osteochondroma and subungual exostosis) over the foot is not as uncommon as once regarded. In patients presenting with foot or toe swelling, with or without the presence of pain or nail deformity, exostosis would be one of the differential diagnoses. A proper radiograph with tangential projection will usually help to make the diagnosis as the bony outgrowth with cortical and medullary continuity will be shown. Surgery by complete excision helps to reduce the pain and functional disturbance. Recurrence and complication rates are not high. Residual mild nail deformity is an issue with subungual lesions but it has been well accepted by patients. Early surgery before the development of nail bed erosion, careful preservation of the nail bed, and the use of a fine burr will help to preserve the nail bed. These will help to minimise the subsequent nail deformity although the deformity is usually mild and acceptable to patients.
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